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Introduction 
Saposhnikoviae Radix (SR), the root and rhizome of Saposhnikovia divaricata (Turcz.) Schischk. 
(Umbelliferae), has been frequently used as an ingredient of Kampo formula such as “Bofutsushosan” in 
Japanese (“Fang-feng-tong-sheng-san” in Chinese) for the treatment of obesity and metabolic syndrome. 
Phytochemical and pharmacological studies of SR have indicated numerous compounds including 
chromones, coumarins, and polyacetylenes showed analgesic, anti-oxidant, anti-inflammatory, anti-
proliferative, anti-allergic, and anti-cancer effects.  
In recent years, the natural resources of SR have been depleted because of the increasing demand. 
Currently, therefore, a large amount of SR derived from cultivated plants has become available in the 
Chinese and Japanese markets. However, some of them do not meet the requirement of Chinese and 
Japanese Pharmacopoeia due to the lower amounts of prim-O-glucosylcimifugin (1) and 4′-O-β-D-
glucosyl-5-O-methylvisamminol (3) and the higher yield of dilute-ethanol soluble extract, respectively. 
Sustainable utilization of SR resources should be implemented through high-performance cultivation by 
selecting suitable plant resources and cultivation areas as well as systematic harvesting. Mongolia was 
chosen for this study because of the large population of wild growing S. divaricata, especially in the 
eastern part and the conservation program by the government has been undergoing for the efficient usage 
of medicinal plants. Therefore, we conducted a field investigation in Mongolia, followed by a quality 
assessment of S. divaricata roots to examine the validity as natural sources of SR in its chemical 
components. 
Metabolomic profiling of Saposhnikovia divaricata roots from Mongolia by LC-IT-TOF-
MS and multivariate statistical analysis
1 
Forty-three plant specimens were collected from the eastern part of Mongolia, including Khentii and 
Dornod provinces (Fig. 1). The roots of all specimens and SR samples were divided into upper, middle, 
and lower parts from the base after separating based on whether those were flowering or not. 
To evaluate the quality of Mongolian S. divaricata, metabolomic profiling of all root parts of 
Mongolian specimens, as well as 8 SR samples and 2 plant specimens from China, were conducted by 
liquid chromatography ion-trap time-of-flight mass spectrometer (LC-IT-TOF-MS). LC-MS profiles of 
the 70% MeOH extracts of the specimens and SR samples showed uniformity, and 30 compounds were 
tentatively identified, including 13 chromones and 17 coumarins (Figs. 2, 3). Among them, 17 compounds 
were isolated and unambiguously verified by comparing them with the spectroscopic data of reference 
compounds that we isolated from Chinese SR (Fig. 2). Orthogonal partial least squares-discriminant 
analysis (OPLS-DA) based on LC-MS data revealed that Mongolian specimens were clearly 
distinguished from Chinese SR and characterized by an abundance of 1. Moreover, Mongolian specimens 
could be discriminated by their growing regions based on the content of 8 chromones (Fig. 4A, B). The 
specimens from Khalkhgol in the far eastern part of Mongolia contained higher amounts of 
dihydrofurochromones 1, cimifugin (2), and 3, while those from Holonbuir contained relatively higher 
amounts of hamaudol (6), 3'-O-acetylhamaudol (7), 3'-O-angeloylhamaudol (9), and praeruptorin B (16). 
The specimens from Ondorkhaan and Bayan-Ovoo were characterized by an unidentified peak with m/z 
525 (14). To identify 14, we isolated it from the MeOH extract of SR. The 1H NMR and MS/MS analyses 
revealed that 14 was similar to sec-O-glucosylhamaudol (5) and indicated the presence of additional 
malonyl moiety. 2D NMR analysis indicated that the position of malonyl substituent at C-6". Thus, 14 
was elucidated as 3'-O-(6"-O-malonyl)-glucosylhamaudol, a new natural compound. The S-plot of 
OPLS-DA indicated that 3 contributed to the discrimination of lower parts of the roots (Fig. 4C, D), and 
1 contributed to discriminate the specimens that were flowering. 
Quantification of metabolites in Saposhnikovia divaricata roots by HPLC-DAD and 
1
H NMR 
analyses
2 
To determine the accurate contents of metabolites in S. divaricata roots from 8 different regions of 
Mongolia including northeastern parts and to investigate their geographical variation, quantification of 9 
chromones and 4 coumarins were conducted by HPLC-DAD method which was validated in terms of 
precision, accuracy, stability, and repeatability. All 44 Mongolian specimens contained 1 (3.98–20.79 
mg/g) and 3 (1.06–6.68 mg/g), and their total content (5.04–25.06 mg/g) exceeded the criterion (2.40 
mg/g) assigned in Chinese Pharmacopoeia. The contents of 1, 7, ledebouriellol (8), and 9 were 
significantly higher in the Mongolian specimens than in Chinese SR samples. Moreover, the specimens 
from Norovlin in the northeastern part showed the highest level of total dihydrofurochromones (TFC, 
12.20–26.80 mg/g) including 1 (9.18–16.22 mg/g) and 3 (2.60–6.68 mg/g), while the level of TFC was 
varied greater in the specimens from Khalkhgol (5.59–23.41 mg/g) and Holonbuir (3.37–26.12 mg/g) 
(Fig. 5). The level of total dihydropyranochromones (TPC) tended to be higher in the specimens from 
Bayan-Uul (1.86–5.04 mg/g). The OPLS-DA based on HPLC data revealed that the Mongolian specimens 
tended to be separated into 3 groups based on growing regions, in which 6 chromones mostly contributed 
to the distribution. In addition, for characterizing metabolites such as polyacetylenes and sugars, 1H NMR 
analysis was performed to reveal that Mongolian specimens had less amount of sucrose and a substantial 
amount of polyacetylenes including panaxynol (15). Among 9 chromones characterized in the 1H NMR 
spectrum of the extracts, the signals of 1, 2, and 3 (including 4) were clearly observed as singlet at δH 
6.33, 6.09, and 5.99, respectively. Therefore, we conducted the qHNMR analysis for the rapid 
quantification of major chromones 1–3 in Mongolian specimens, resulting that the approximate contents 
of them were obtained. 
Conclusion 
The present study demonstrated that S. divaricata roots from Mongolia could become natural sources 
of SR, because they were characterized by the higher level of 1, and the total content of 1 and 3 was 
exceeded the value prescribed in Chinese Pharmacopoeia. Moreover, the geographical variation in 
contents of dihydrofurochromones as well as dihydropyranochromones was clarified by multivariate 
statistical analysis using LC-MS data and HPLC data. Among 8 regions, Norovlin in the northeastern part 
of Mongolia possessed a superior property such as higher contents of major chromones 1, 2, and 3, lower 
contents of sucrose, and a substantial amount of polyacetylenes including 15. Several pharmacological 
effects including analgesic, anti-inflammatory, anti-allergic, anti-cancer, and anti-platelet aggregation 
activities have been reported in 1, 2, 3, and 15. Based on this result, Norovlin was proposed as a 
prospective region for the cultivation of S. divaricata. These results are useful for the systematic 
collection and prospective cultivation of S. divaricata in Mongolia. In addition, various analytical 
methods were developed to evaluate S. divaricata roots, which could be applied to estimate commercial 
SR samples. 
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Fig. 1 Field investigation of Saposhnikovia divaricata in the eastern part of Mongolia. The inverted triangles in 
grey, black, and white in colors show specimens collected in 2019, 2017, and 2015, respectively. The dotted line 
shows the field investigation route. 
 
Fig. 2 Chemical structures of compounds isolated and identified in SR. 
 
Fig. 3 Total ion chromatogram (TIC) of SR sample in positive (upper) and negative (lower) ionization modes. 
The EtOAc layer of the MeOH extract of SR was dissolved in 50% MeOH. Numerals indicate the respective 
compounds in Fig. 2.  
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Fig. 4 Score scatter plot (A) and loading scatter plot (B) of OPLS-DA for the specimens from different regions 
of Mongolia and score scatter plot (C) and S-plot (D) of OPLS-DA for the upper and lower parts of the roots. 
Numerals indicate respective compounds in Fig. 2. 1'' indicates [M+HCOO]- of 1 and 3'' indicates [M+HCOO]- 
of 3.  
  
  
Fig. 5. Boxplots of the levels of TFC (A), TPC (B), and TC (C) in the Mongolian S. divaricata specimens 
collected from different regions. 
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